Abstract. Acne rosacea is a type of chronic dermatosis with the characteristics of erubescence, angiotelectasis and pustule formation. However, current treatment methods are limited due to the side effects. Artesunate demonstrated a promising therapeutic efficacy with a high safety margin. HaCaT cells were treated with antibacterial peptide LL-37 to simulate rosacea caused by Demodex folliculorum (D. folliculorum) infection. Cell Counting kit 8 and flow cytometry assays were performed to measure cellular proliferation, apoptosis, the stage of the cell cycle and reactive oxygen species generation in order to determine the level of cell damage. Then the damaged cells were treated with different concentrations of artesunate and doxycycline to determine the therapeutic effect of artesunate. Pro-inflammatory cytokines tumor necrosis factor-α (TNF-α), interleukin (IL)-6, IL-8 and C-C motif chemokine 2 (MCP-1) were measured using an ELISA, while western blotting was used to detect the expression of Janus kinase 2 (JAK2) and signal transducer and transcription activator (STAT3). As a result, LL-37 treated HaCaT cells decreased in cell viability, had an increased apoptotic rate and cell cycle arrest, indicating that cell damage caused by rosacea was simulated. In addition, upregulated concentrations of the pro-inflammatory cytokines TNF-α, IL-6, IL-8 and MCP-1 were attenuated in the artesunate group in a dose-dependent fashion, indicating the therapeutic effect of artesunate. Furthermore, higher concentrations of artesunate exhibited an improved effect compared with the doxycycline group. In addition, increased expression levels of JAK2 and STAT3 following treatment with LL-37 suggested that rosacea caused by D. folliculorum infection may lead to inflammation through the JAK/STAT signaling pathway. In conclusion, the potential mechanism by which damage occurs in rosacea was revealed and a promising therapeutic method against rosacea was demonstrated.
Introduction
Rosacea, also known as acne rosacea, is a type of chronic dermatosis with the characteristics of erubescence, angiotelectasis and pustule formation. Rosacea can be divided into erythematotelangiectatic rosacea (ERT) and papulopustular rosacea (PPR) in the clinic (1) . The cause of rosacea remains unclear; however, it may be associated with Demodex folliculorum (D. folliculorum) infections, alcoholic drinks, spicy food and exposure to sunlight (2, 3) . Parasitic D. folliculorum is commonly demonstrated in human hair follicles and sebaceous glands; an overgrowth of D. folliculorum may cause disease (4) . The infection rate and density of D. folliculorum measured in damaged rosacea skin was demonstrated to be significantly increased compared with healthy skin through microscopic or histopathological examination (5) . Increased macrophages and Langerhans cells were observed in positive specimens of D. folliculorum, indicating a hypersensitivity reaction was induced by mite-associated follicular antigens, leading to the formation of a papulopustule (6) . Previous studies have demonstrated that the expression level of matrix metalloproteinase-9 (MMP-9) has a linear correlation to the density of D. folliculorum (7, 8) . Upregulated MMP results in the activation of epidermal serine protease, leading to the generation of the antibacterial peptide LL-37. Therefore, D. folliculorum infection is an important exacerbating factor for rosacea.
Treatment against rosacea includes systemic drugs such as metronidazole and doxycycline, as well as locally acting drugs including metronidazole and azelaic acid according to the food and drug administration (FDA) administration on rosacea. However, certain issues exist in current therapies against rosacea. External preparations may cause local inflammation due to the damaged skin barrier function of patients with rosacea (9) . In addition, oral administration of antibiotics for long-term treatment may lead to body dysbacteriosis (10 Artesunate was demonstrated to exhibit anti-parasitic and anti-angiogenesis activity (11-13). It was reported to inhibit delayed type hypersensitivity reactions and MMP activity (14) . Vascular and inflammatory reactions are the two components necessary for rosacea. Therefore, artesunate was chosen from the anti-parasitic drugs as an alternative medicine for the treatment of rosacea. Artesunate was expected to have a similar therapeutic effect and lower side effects when compared with doxycycline. Artesunate as an inexpensive drug with a high safety profile which may benefit patients with rosacea.
Materials and methods
Cell culture and damage simulation. Cultured HaCaT cells (Nanjing KeyGen Biotech Co., Ltd., Nanjing, China) were treated with LL-37 (Shanghai Aladdin Biochemical Technology Co., Ltd., Shanghai, China) at various concentrations (0, 10, 20, 40, 60, 80 and 100 µg/ml) to establish a rosacea skin lesion model. LL-37 treated HaCaT cells were measured for cell viability, reactive oxygen species (ROS) content, cell cycle stage and apoptotic rate to evaluate the rosacea-damage model.
Furthermore, artesunate was employed to treat the rosacea skin lesion model to evaluate the therapeutic effect on rosacea. Cultured HaCaT cells were digested with 0.25% trypsin (Solarbio, Beijing, China) and transferred into 6-well plates at 3x10 5 cells/well. Following incubation at 37˚C for 24 h, the Dulbecco's modified Eagle's medium (DMEM; Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) was discarded and LL-37 with a final concentration of 60 µg/ml was added into each well except for the control group, which received an equal volume of medium instead. Different concentrations (1, 10 and 50 µM) artesunate (Shanghai Aladdin Biochemical Technology Co., Ltd.) and 20 µg/ml doxycycline (Shanghai Aladdin Biochemical Technology Co., Ltd.) were added to the experimental groups. Following incubation at 37˚C for 48 h, cells were digested with 0.25% trypsin, and collected for ELISA and western blotting assays.
Cell Counting kit-8 (CCK-8) assay. Cultured HaCaT cells treated with different concentrations of LL-37 (0, 10, 20, 40, 60, 80 and 100 µg/ml) were mixed with 100 µl serum-free DMEM (Hyclone; GE Healthcare Life Sciences) containing 10% CCK-8 (Dojindo Molecular Technologies, Inc., Kumamoto, Japan) and incubated in 5% CO 2 at 37˚C for 1 h. The optical density (OD) 450 nm of the cell suspension was measured using a spectrophotometer in order to evaluate the cell viability of HaCaT cells.
Flow cytometry assay. Cultured HaCaT cells were washed using PBS and digested at 37˚C with 0.25% trypsin following the treatment with LL-37 for 24 h, then centrifugation was performed at 150 x g at 4˚C for 10 min. Cells were collected and resuspended with dyeing buffer containing 50 µM dihydroethidium (Wieglas Biotech (Beijing) Co., Ltd., Beijing, China). Then ROS were measured using a flow cytom eter (Accuri C6; BD Biosciences, Franklin Lakes, NJ, USA) and analyzed with Accuri C6 software version 1.0.264 (BD Biosciences).
To measure apoptosis, cultured HaCaT cells were collected using 0.25% trypsin and washed with PBS, followed by the centrifugation at 150 x g at 4˚C for 5 min. The supernatant was then discarded and the cells were incubated with Annexin V fluorescein isothiocyanate apoptosis detection kit (BD Biosciences) for 10 min at room temperature without light. The cellular apoptotic rate was measured and the data was obtained using a flow cytom eter (Accuri C6) and Accuri C6 software version 1.0.264 (BD Biosciences).
In addition, HaCaT cells were digested with 0.25% trypsin and washed with PBS, followed by the addition of 70% pre-cooled ethanol at 4˚C for 12 h and the RNA was removed using 1 µg/ml RNaseA. Then cells were stained with propidium iodide (PI) for 10 min at room temperature and the DNA content was measured using a flow cytom eter (Accuri C6) and Accuri C6 software Version 1.0.264 (BD Biosciences) to determine the proportion of cells in each stage of cell cycle.
ELISA. The ELISA method was adapted to measure the content of interleukin (IL)-6 (JYM0140Hu), IL-8 (JYM0139Hu), C-C motif chemokine 2 (MCP-1, JYM0136Hu) and tumor necrosis factor-α (TNF-α, JYM0110Hu) in HaCaT cells by determining the absorbency at 450 nm. The ELISA kits were provided by Wuhan Colorful Gene Biological Technology (Wuhan, China). A total of ~100 µl culture medium was processed according to the manufacturer's protocol. The concentrations of IL-6, IL-8, MCP-1 and TNF-α were calculated according to the standard curve, which was generated from a series of different known concentrations of standard bovine serum albumin.
Western blot analysis. Cells were seeded at 3x10 5 cells/well in 6-well plates and duplicated wells were treated with or without (control group) 60 µg/ml LL-37 at 37˚C for 48 h. Following this, cell lysates were prepared in a RIPA lysis buffer (BYL40825; JRDUN Biotech, Shanghai, China). Total protein concentration in each sample was assayed by the bicinchoninic method (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Aliquots (20 mg total protein) of each sample were then loaded on 12.5% SDS-polyacrylamide gels. Following electrophoresis, the proteins were transferred onto a nitrocellulose blotting membrane (EMD Millipore, Billerica, MA, USA), blocked with 5% nonfat milk and immunoblotted with specific antibodies overnight at 4˚C. The sources of the primary antibodies were as follows: Anti-Janus kinase 2 (JAK2; cat. no. 3230; 1:1,000; CST Biological Reagents Co., Ltd., Shanghai, China), phosphorylated (p)-JAK2 (cat. no. 8082; 1:800; CST Biological Reagents Co., Ltd.), signal transducer and transcription activator (STAT3; cat. no. Ab50761; 1:100), p-STAT3 (cat. no. Ab76315; 1:2,000; both Cambridge, UK Abcam) and GAPDH (cat. no. 5174; 1:1,500; CST Biological Reagents Co., Ltd.). The membranes were then washed with TBST (0.1% Tween) buffer and incubated with horseradish peroxidase conjugated secondary antibodies (A0208 and A0216; 1:1,000; Beyotime Institute of Biotechnology, Shanghai, China) for 1 h at room temperature. The membranes were then washed with TBST (0.1% Tween) buffer and developed according to the enhanced chemiluminescence protocols (EMD Millipore). The films of western blotting were then scanned using a Bio-Rad imaging densitometer (Model GS-700) and the densities of the bands were semi-quantified using Quantity One software version 4.2.1 (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Statistical analysis. Data were expressed as the mean ± standard deviation of at least three independent replicates and analyzed using analysis of variance and Tukey's post-hoc test. GraphPad Prism 5.0 (GraphPad Software, Inc., San Diego, CA, USA) software was used to perform the analysis of data. P<0.05 was considered to indicate a statistically significant difference.
Results

LL-37 causes cell damage in a rosacea skin model.
HaCaT cells treated with LL-37 were used in the CCK-8 assay to measure cell viability (Fig. 1) . As illustrated in Fig. 1 , the proliferation of HaCaT cells treated with 10 µg/ml LL-37 was significant at 24, 48 and 72 h (P<0.001, respectively) compared with the control (0 µg/ml), indicating that the viability of HaCaT cells was inhibited by LL-37 in a time-dependent manner. In addition, the HaCaT cells treated with various concentrations of LL-37 demonstrated a decreased proliferation rate in a dose-dependent fashion. Then flow cytometry was used to measure the levels of ROS, cell apoptosis and cell cycle progression (Fig. 2) . ROS content was measured to evaluate the level of cell damage in the model. As exhibited in Fig. 2A , the fluorescence intensity of LL-37 treated cells was increased compared with the control cells, indicating a high level of ROS content in rosacea damaged cells. In addition, the induced apoptotic rate and cell cycle arrest demonstrated cell damage caused by LL-37, and indicated that the rosacea skin damage model was appropriate (Fig. 2B and C) .
Artesunate attenuates cell damage caused by LL-37. The concentrations of IL-6, IL-8, MCP-1 and TNF-α were measured using an ELISA. As the results exhibit in Fig. 3 , the concentrations of all the indices increased significantly in the LL-37 treated groups compared with the control, while they were attenuated by treatment with various concentrations of artesunate (1, 10 and 50 µM) in a dose-dependent manner. HaCaT cells treated with 50 µg/ml artesunate demonstrated a significantly improved therapeutic effect on LL-37 treated cells compared with the doxycycline group (P<0.001; Fig. 3 ).
Artesunate inhibits cell damage through the JAK-STAT3 signaling pathway. Western blotting was employed to measure the expression level of proteins associated with the JAK-STAT signaling pathway. The upregulated expression levels of p-JAK2/JAK2 and p-STAT3/STAT3 were attenuated by artesunate (1, 10 and 50 µM) dose-dependently (Fig. 4) .
Discussion
Vascular and inflammatory reactions are the two required components for rosacea (15) . Expansion of blood vessels and lymphatics were demonstrated in patients with rosacea according to data obtained from deformation analysis, immunohistochemistry analysis, gene microarray and reverse transcription-polymerase chain reaction; an increase in vascular endothelial growth factor, vessel marker cluster of differentiation-31 and lymphatic marker D2-40 were also observed (16) (17) (18) (19) . Patients with PPR or ETR are sensitive to various stimuli including vasodilators and spicy food. The neuropeptides released from nerve endings may cause partial congestion, edema and erythema, along with the recruitment of neutrophil granulocytes and the release of mastocytes, leading to an inflammatory response. These results associated with the vascular reaction concur with the persistent face erythema and angiotelectasis exhibited in the clinic (7, 20) .
Innate immune response enhancement is involved in the early stages of rosacea. Previous studies demonstrated that toll-like receptor 2, antibacterial peptide LL-37, serine protease and MMP were upregulated in areas of skin damage in patients with rosacea (7, 21) . Furthermore, except for the increase in antibacterial peptides and kallikrein-related peptidase 5, the mRNA expression level of neutrophil chemotactic agent IL-8 rose significantly (7, 21) . A synergistic effect exists between the innate immune response and novel blood vessels/neural immune disorders in the angiectasis and the inflammatory cascade (22) . Angiectasis contributes to the progression of the inflammatory response, while LL-37 exhibits high angiogenic activity and variety of signaling pathways which stimulate alterations in the endothelial cells (7) .
The JAK-STAT signaling pathway is a signal transduction pathway stimulated by cytokines (23) . It is involved in proliferation, differentiation, apoptosis and immunoregulation. JAK is a type of non-transmembrane form of tyrosine kinase, while STAT is called a signal transducer and transcription activator. STAT serves a critical role in signal transduction and gene transcription. The JAK-STAT signaling pathway has a wide range of functions, which are focused on the immune response and immunoregulation. Chemokines are secreted by leukocytes and stromal cells in the hematopoietic microenvironment (24) . Chemokines attached to endothelial cells have a chemotactic, activatory effect on neutrophil granulocytes, mononuclear leucocytes, lymphocytes, eosinophilc granulocytes and basophilic granulocytes. IL-8 representing the a subfamily, exhibits a chemotaxis effect on neutrophilic granulocytes, while MCP-1, which represents the b subfamily, induces mononuclear leucocytes (25) . IL-8, known as a neutrophil chemotactic factor, is an important factor in inflammatory disease. It serves a vital role in anti-infection, anti-cancer and immune response regulation. IL-8 is strongly chemotactic to specific and non-specific immune cells, particularly neutrophilic granulocytes, as well as lymphocytes and basophilic granulocytes. The level of inflammatory factor IL-8 increases significantly at inflammatory sites, and in serum and bodily fluids during infection or immunological disease. Therefore, the measurement of IL-8 levels was used for the diagnosis and prognosis of inflammatory diseases (26) .
In the present study, cell damage in rosacea caused by D. folliculorum infection was simulated using HaCaT cells treated with LL-37 and the therapeutic effect of artesunate against rosacea was demonstrated. In addition, the results obtained from the present study revealed the injury mechanisms involved in rosacea. LL-37 treated HaCaT cells demonstrated cell damage including lower cell proliferation, increased apoptotic rate and ROS levels, and induced cell cycle arrest, indicating damage caused by LL-37 on HaCaT cells. Furthermore, the production of pro-inflammatory cytokines, including TNF-α, IL-6, IL-8 and MCP-1, in LL-37 treated HaCaT cells was increased when compared with the control group, while the levels were attenuated in the artesunate groups in a dose-dependent manner, corresponding to the expression level of JAK2 and STAT3 measured by the western blotting assay. The activation of the JAK/STAT signaling pathway upregulated the expression of pro-inflammatory cytokines including TNF-α, IL-6, IL-8 and MCP-1, which resulted in inflammation, and was attenuated by the treatment with artesunate. The deactivation of the JAK/STAT signaling pathway detected in the artesunate groups suggested that the activation of JAK/STAT signaling pathway was inhibited by artesunate, followed by the suppressed expression of pro-inflammatory cytokines TNF-α, IL-6, IL-8 and MCP-1.
In addition, it was demonstrated that the concentration of TNF-α, IL-6, IL-8 and MCP-1 in HaCaT cells treated with a high level of artesunate was lower than those in the doxycycline treated group, which was indicative of the improved therapeutic and antibacterial effect of artesunate. This result revealed a promising treatment for rosacea and provides experimental data for future clinical research.
In conclusion, the therapeutic and antimicrobial effect of artesunate on rosacea caused by D. folliculorum infection was demonstrated. The present study provided reliable data for future animal experimentation and clinical research. Artesunate may be a promising novel therapeutic method for the treatment of rosacea.
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